The long-term goal of the research is to better understand the mechanisms of bottom reverberation in shallow water, and enhance modeling of the shallow water reverberation.
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Uncertainties in the experiment and inversion procedures were analyzed in order to provide error bound on the extracted scattering strength. Issues considered included: 1.
Uncertainty in the inferred environmental inputs used for forward transmission loss modeling.
2.
Uncertainty in the wideband explosive source level.
Data collected by the VLA were analyzed in order to infer angular dependence of the scattering strenth. Two approaches to infer scattering strength angular dependence were exercised: 1. VLA data were beamformed yelding scattering strength as a function of VLA steering angle. Raytracing was used to relate VLA steering angle to the scattering grazing angle on the bottom. Implied in this method is that scattering happens in the far field of the array. While sometimes true, this assumption is often violated when large array is used in shallow channel.
Alternatively, numerical normal mode code was used to compare field distribution on the VLA with that which would be caused by a point source positioned at the scattering range (source depth was varied, directive source can be simulated by coherently processing contribution from several sources). This approach may provide valuble (albeit indirect) information of the scattering strength physics, such as angular dependence of the scattering strength and separation of surface, bottom interface and subbottom inhomogeneities to the overall reverberation. 
RESULTS
Empirical scattering strength was inferred from the reverberation data, error bound of the scattering strength was also determined. Initial results for the frequency dependence of the scattering strength indicate that it is very shallow (almost flat) below a few hundred Hz, and very steep (close to F 2 -F 3 ) above a few hundred Hz, with a very sharp transition. This may suggest a change in the mechanisms of the reverberation, with the low-frequency part of the curve being dominated by subbottom scatterers [3] , and the high frequency part of the curve dominated by contribution of the small scatterers on the interface.
Initial results of the angular distribution of the scattering strength at frequencies above a few hundred Hz indicate that it may be consistent with a point omnidirectional source positioned at or near the bottom interface, consistent with interface contribution being dominant at this frequencies. Interestingly, if VLA data are beamformed and beam power is converted to angular dependence of the bottom scattering strength, resulting angular dependence is very close to that predicted by Lambert Law (see Fig. 1 ), which (except for the level) is also consistent with a combined effect of a large group of uncorrelated small scatterers. Work is underway to further analyze these results in order to better understand mechanisms of the bottom reverberation. 
IMPACT/APPLICATIONS
Bottom reverberation is a major factor limiting active sonar performance in shallow downrefracting channels. Better understanding and predictive modeling of bottom reverberation will aid in sonar design, optimization, and performance and tradeoff studies.
RELATED PROJECTS
This research is being conducted jointly with David Knobles, ARL/UT and with Peter Cable (BBN). In addition, the ASIAEX long range reverberation studies of Renhe Zhang and Ji-Xun Zhou were used in this present research.
